The authors report that anisotropic confining potentials in laterally-coupled semiconductor quantum dots (QDs) have large impacts in optical transitions and energies of inter-shell collective electronic excitations. The observed anisotropies are revealed by inelastic light scattering as a function of the in-plane direction of light polarization and can be finely controlled by modifying the geometrical shape of the QDs. These experiments show that the tuning of the QD confinement potential offers a powerful method to manipulate electronic states and far-infrared inter-shell optical transitions in quantum dots.
Electronic states in circular quantum dots (QDs) are characterized by rotational symmetry that gives rise to an atomic-like shell structure in which states with opposite angular momentum are degenerate [1] . A convenient description of single-particle QD levels is provided by the Fock-Darwin (FD) orbitals with energies given by E nm =hω o (2n + m + 1)
=hω o (N + 1), where n=0,1.., m=0,1,... are the radial and azimuthal quantum numbers, respectively, and ω o is the in-plane confinement energy. The studies of the spin and charge configurations in QDs by transport and optical techniques have been a major research theme in modern condensed matter with several implications in the field of quantum computation [2, 3, 4] . QDs in the low-density limit are also fascinating nanostructures. In this limit, the breakdown of the FD scheme leads to correlated configurations that reveal the impact of fundamental electron interaction [5] .
The shell structure of circular QDs manifests in the spectra of neutral collective modes probed by inelastic light scattering [6] . The light scattering experiments are able to probe both spin and charge inter-shell monopole excitations with even change of ∆N in the FD shell and without change in angular momentum, as required by light scattering selection rules. In case of charge inter-shell excitations, the selection rules dictates that the polarizations of the incoming and scattered photons have to be parallel. In circular QDs, these electronic charge excitations are isotropic in the plane i.e. their energy does not depend on the direction of the polarizations of the incoming and scattered photons, which reflects the rotational symmetry of the nanostructure.
In this letter we demonstrate that asymmetric QDs with few electrons present a peculiar optical anisotropy that manifests in their inter-shell excitation spectra. By nanofabrication we designed different AlGaAs/GaAs quantum dot structures composed by two closely-spaced QDs having the overall lateral shape like the one shown in Fig.1 . The two main parameters characterizing our nanostructures are the diameter 2R of the two QDs and the inter-dot distance D. The lateral anisotropy is gradually modified by increasing the value of D.
We measured the low lying collective inter-shell charge excitations with polarizations along and perpendicular to the inter-dot axis by resonant inelastic light scattering. The spectra reveals a large energy-splitting between the excitations in the two configurations.
The evolution of energy-splitting in the two polarization configurations in samples with different D values represent a direct proof of the breakdown of rotation invariance and consequent lifting of the degeneracies of the single-particle levels present in a circularly-shaped dot. In addition, the observed anisotropy in the scattered light implies the breakdown of the light scattering selection rules that could be induced by heavy-light hole mixing due to the asymmetric confinement. We remark that the impact of ellipsoidal deformation on the Coulomb blockade transport properties has been studied as a function of a magnetic field [7] but, to the best of our knowledge, no direct experiments probing the optical anisotropy of electronic excitations has been reported so far. This is particularly striking since ground states, selection rules and matrix elements of both dipole and multipole transitions of elliptically-shaped QDs have been extensively calculated [8, 9, 10, 11, 12, 13, 14] as well as valence band mixing effects and interband optical properties [15] . In the single electron picture, the conduction-band energy level structure of the elliptical QD is given by
where ω X and ω Y represents the confinement energies in the X and Y directions respectively, as shown in Fig.1 (right-upper panel) .
Studies of photoluminescence polarization anisotropies have been also reported particularly in nanorod crystals [16] .
Samples were fabricated from a 25 nm wide, one-side modulation-doped Al 0.1 Ga 0.9 As/GaAs quantum well with measured low-temperature electron density n e = 1.1×10
11 cm −2 and a mobility of 2. The experiments were performed in a backscattering configuration at temperatures T =1.9 K. A tuneable ring-etalon Ti:Sapphire laser was focused on a 100 µm-diameter area for excitation of the quantum dots array and the scattered light from the quantum dots array having the same polarization direction of the incoming light was collected through a series of optics, dispersed by a triple-grating spectrometer and detected by a CCD multi-channel detector. A polarization rotator between the laser and the sample and a λ/2 plate in front of the spectrometer were used to define the two polarization configurations: XX-both incident and scattered light are parallel to the inter dot axis and YY-the same for perpendicular direction.
The right-bottom panel in Fig.1 shows representative inelastic light scattering spectra of inter-shell charge excitations in the two polarization configurations. The spectra reveal two distinct excitations (A and B) that are selectively observed in the two polarization configurations YY and XX, respectively. The thick blue and red lines are Gaussian fits to the experimental data. The observed energy difference between the peak A and B is the signature of the large optical anisotropy due to the asymmetry of the in-plane confinement potential.
The manifestation of the optical anisotropy in light scattering is intriguing. In a cylindrical QD the electronic states can be labelled by their angular momentum quantum numbers.
Therefore interband transitions involving both light-hole and heavy-hole states should be isotropic in the X-Y plane i.e. do not depend on the polarization direction in X-Y plane.
The deviation from this behavior in our QDs could be explained by invoking mixing between heavy-and light-hole states induced by the external asymmetric potential. While a quantitative calculation of this effect is beyond the scope of this paper, we note that the origin of optical anisotropies in asymmetric nanostructures and the role of valence-band mixing have been theoretically addressed in several works [15, 18, 19, 20] .
The energy splitting of the modes A and B that is around 2 meV, can be related to ω Y − ω X although their absolute energies are expected to deviate from ω Y and ω X due to the impact of electron correlations that we expect significant in these regimes of low electron occupation [17] . The splitting between the inelastic light scattering resonance enhancement peaks in the XX and YY configurations shown in Fig.2 is also close to 2 meV. This fact suggests small splittings of valence band states of the X and Y inter-band transitions involved in the light scattering process. If we consider ω Y − ω X ≈ 2 meV, and ω Y ≈ 4meV [17] we deduce ω X ≈ 2 meV and therefore an ellipticity factor δ = ω X /ω Y = 0.5 for the QD shown in the inset to Fig.1 .
To demonstrate tuning of the optical anisotropy we report in Fig.3 
